A series of International Ultraviolet Explorer (IUE) high-resolution LWP and SWP spectra of the Hyades, eclipsing-spectroscopic, (K2 V + DA2) precataclysmic, close binary V471 Tauri reveals very high velocity, cool, expanding gas in the line of sight to the binary system with an expansion velocity of -1200 km s . There is no variation of the co-added absorption with orbital phase and its summed strength is 125 mA ± 25 mA with FWHM = 30 km s _1 . The absorption appears in seven lines of the Fe n uv 1 multiplet (2585-2617 A), coadded in velocity space for each of nine co-added LWP images around the orbit, in co-added LWP velocity plots of Mg it, Mn ii, Cr ii as well as in SWP plots of C ii (1335), Si n (1260), and O i (1302), co-added in velocity space. This absorption very likely has an origin distinct from the broader, lower velocity absorption components of the K2 V stellar wind discovered by Mullan et al. and reported in 1989 but may be related to the narrow co-added absorption at -590 km s 1 reported by Bruhweiler and Sion in 1986. The large expansion velocity suggests the possibility of its association with an ancient nova outburst. This interpretation as well as other possibilities are briefly explored.
I. INTRODUCTION
We have recently obtained a series of high-resolution International Ultraviolet Explorer (IUE) spectra of the Hyades eclipsing-spectroscopic precataclysmic close binary V471 Tauri. This astrophysically critical post-common envelope system consists of a DA2 white dwarf and a chromospherically active K2 dwarf with a 12.5 hr orbital period. Comprehensive reviews of the K2 V stellar activity cycle, RS CVn characteristics, period changes, and basic properties have appeared in Young et al. (1983) , and most recently in articles by Bois, Lanning, and Mochnacki (1988) and Skillman and Patterson (1988) . The discovery of 9.25 minute EXOSAT X-ray and optical pulsations due to the white dwarf are reported by Jensen et al. (1987) and Robinson, Clemens, and Hines (1988) , respectively. Our high-resolution investigation had the goals of searching for mass loss from the K2 V star, photospheric metal lines of the white dwarf, evidence of accretion flows, and circumbinary matter. In this Letter we report the unexpected discovery of very high velocity expanding gas in the line of sight to V471 Tauri. The existence of such gas in this binary, whether due to an explosive ejection, continuous wind mass loss from the white dwarf, or from mass loss associated with the K2 V star, may present a potentially fundamental new phenomenon. We describe the observations, analysis, and our conclusions in the two remaining sections.
II. OBSERVATIONS AND ANALYSIS
A series of 15 high-resolution long-wavelength prime camera (LWP) and short-wavelength prime camera (SWP) spectra of V471 Tauri were obtained with the IUE satellite on days 234-237, 1987 and days 1-3, 1988 , at selected orbital phases. The telescope, instrumentation and performance characteristics and sensitivity are described in Boggess et al. (1978) . The exposure times ranged from 100 minutes to 180 minutes for the LWP images and 180 minutes to 390 minutes for the SWP images. The spread of orbital phase during each exposure ranged between 0.134 and 0.240 for the 11 LWP spectra and between 0.25 and 0.52 for the four SWP images.
The data were analyzed interactively at the NASA/Goddard Space Flight Center Regional Data Analysis Facility (RDAF) in situ and using mostly standard software. To enhance the possibility of detecting weak velocity-shifted features against the white dwarf continuum, we co-added ions of the same multiplet, or of similar excitation, in velocity space. This procedure, for a given set of ions, consisted of extracting the region with IUEHI, converting to velocity space with VELSPC, storing the arrays with IUESAVE, mapping onto a common wavelength (velocity) scale using MULTERP, and co-adding in velocity space with the routine COADD. In this way any short ward-shifted absorption features in the line of sight to V471 Tauri but at distances large compared to the semimajor L17 L18 SION, BRUHWEILER, MULLAN, AND CARPENTER Vol. 341 axis, should be independent of binary phase. Our search centered on the uv 1 multiplets of Fe n (2585-2620), Cr n (2605), Mn ii (2755), and the Mg n h and k lines (2795, 2802) . In the SWP range, we co-added O i (1302), C n (1335), and Si n (1260). The results of this search are described in the next and final section.
III. RESULTS AND DISCUSSION An examination of the co-added Fe n plots of several LWP images revealed a recurring absorption component of Fe n centered at -1200 km s -1 which remained unchanged with respect to orbital phase. This feature contrasted sharply with absorption components of comparable strength but at much lower velocities (-500, -260 km s _1 ) which exhibit phasedependent behavior and have been identified as K2 dwarf wind features (Mullan et al 1989) . A representative coaddition of seven lines of the Fe il multiplet from image LWP 11477H is shown in Figure 1 . Overlays of the co-added Fe n lines from several LWP images revealed precise velocity coincidence from spectrum to spectrum. The absorption features in Figure 1 at -500 km s" 1 and -260 km s -1 arise in the K2 V star's wind (Mullan et al 1989) while the feature at +300 km s _1 is very likely due to infall and will be discussed along with other longward-shifted features, in a separate paper. Note also the K2 V star's chromospheric Fe n emission slightly shortwardshifted from zero velocity in Figure 1 .
In the co-addition, all bad data points or data corresponding to reseaux were given zero weights. Thus, they had no contribution to the final deduced feature detected at -1200 km s^.Of special concern was a reseau shortward by 12 Â, or -1200 km s" 1 , of the Fe n 2617 line of the uv 1 multiplet, which could contribute strongly to our final deduced absorption component. Additional tests were performed to ensure that neither this or any other camera artifact contributed to the observed -1200 km s _ 1 component. We further assessed how unrecognized camera artifacts might show up in our final co-added velocity spectrum. Sample tests were performed in which we used arbitrary fictitious wavelengths for the ionic transitions rather than the real laboratory values in our co-addition process. This was done for all of the LWP images used here in our analysis of V471 Tauri. These tests showed that weak recurring pseudofeatures can be seen at the same velocities from image to image. These pseudofeatures are presumed to be due to the random alignment of camera artifacts that survive through the co-addition process that we use. For a total search interval of 2500 km s -1 , we estimate that we should see four pseudofeatures with chance alignments that reappear at the same velocity from image to image.
Despite the frequency of these pseudofeatures, these results argue that the -1200 km s -1 feature is a real component due to gaseous absorption. First, in all of the tests, the pseudofeatures in the final co-added velocity spectrum were weaker than the -1200 km s -1 component. We cannot rule out the possibility that the -1200 km s -1 feature is due to the chance alignment of camera artifacts that persist through the coaddition process. However, it is extremely unlikely that random alignments could explain the appearance of the -1200 km s -1 feature appearing in both the SWP and LWP cameras.
Two further checks on the reality of the feature were carried out. A comprehensive co-addition of the uv 1 multiplet of Fe n in all but two of the 11 separate LWP spectra was obtained, and the results are shown in Figure 2 . This sum of nine different spectra still reveals the high-velocity absorption at -1200 km s" 1 as well as lower velocity wind features referred to earlier. Finally, a search for absorption at -1200 km s" 1 in the SWP high-resolution images was carried out by co-adding O i (1302), C ii (1335), and Si n (1260) in velocity space. The result of the SWP co-addition is displayed in Figure 3 for image SWP 31611H. Despite a noisy spectrum, the feature at -1200 km s -1 is clearly present. In addition, these same three ions were co-added in several other SWP images, including SWP 32649 and SWP 32659 obtained during days 1-6,1988, in SWP 28826 obtained day 216, 1986 , and in the archival images SWP 15898, SWP 15899, and SWP 15900 obtained on day 363, 1981 . In all of the aforementioned images an absorption feature at -1200 km s~1 could be more or less isolated, varying greatly in Fig. 1 -The co-addition of seven lines of the uv 1 multiplet of Fe n (2585-2620 À) in velocity space for LWP 11477H. Zero velocity represents the laboratory rest frame of each line. The emission near rest is due to the chromosphere of the K2 V star and the shortward-shifted absorption components are due to the K2 V stellar wind (cf. Mullan et al. 1989) .
No. 1, 1989 COOL EXPANDING SHELL AROUND V471 TAURI L19 Fig. 2. -The co-addition of nine separate IUE high-resolution LWP spectra of the pre-cataclysmic variable V471 Tauri. Each of the nine co-added spectra consisted of the co-addition in velocity space of seven lines of the uv 1 multiplet of Fe n (2583-2620 Â). This super-co-addition corresponds to 63 Fe n lines co-added in velocity space. Note the high-velocity absorption feature at -575 km s~1 discovered from the co-addition of Si n and C n in two SWP high-resolution spectra of V471 Tauri by Bruhweiler and Sion (1986) and confirmed here.
prominence due to very poor signal-to-noise ratio in some images, especially SWP 15899 which had an exposure time of only 115 minutes.
If this feature is indeed real, it is surprising that absorption with this high a velocity is so narrow and is observed at low ionization. For example searches for resonance absorption for A1 in, Si in, Si iv, and C iv have yielded negative results. Yet, these results might be understood if the circumstellar material is expanding into a very low density substrate of the interstellar medium (ISM) in which there is little shock interaction between the circumstellar material and the ISM. It is interesting that V471 Tauri shows a weak interstellar spectrum, indicative of a low H i column density. Moreover, the unusually low column density [iV(H i) = 1.4 x 10 18 cm -2 ] for the line of sight to ß CM A (d = 200 pc; Gry et al 1985) further supports this picture.
The summed strength of the absorption is 125 mÂ ± 25 mÂ, with a full width at half-maximum of 30 km s -1 . On the basis of its very high velocity, this feature very likely has an origin distinct from the persistent, broader and orbital phasedependent lower velocity absorption components of the K2 V stellar wind discovered by Mullan et al. (1989) . The narrowness of the feature is comparable to the stronger, lower velocity co-added feature of O i, Si n, and C n at -590 km s -1 discovered by Bruhweiler and Sion (1986) . Therefore, it is possible that both features have the same origin. The strength of the -1200 km s -1 absorption in the higher excited fine-structure levels of the uv 1 multiplet imply densities of at least 10 3 cm -3 . The narrow velocity width coupled with the high velocity and implied column density would militate against the feature being due to a coronal mass ejection from the K2 dwarf.
The large expansion velocity suggests the possibility of its association with an ancient nova outburst. It is possible that a thermonuclear outburst on the white dwarf in the distant past could have been triggered by the accretion of wind/flare material originating from the K2 dwarf. From our observed wind mass loss rate (2 x 10 -11 M 0 yr -1 ; Mullan et al. 1989 ), we can easily estimate an accretion rate by the white dwarf of 4 x 10" 13 M 0 yr -1 . It is interesting that a nova was recorded by Chinese observers in 396 a.d. within I o on the sky of V471 
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Tauri (Pskovski 1979) . For an expansion velocity of -1200 km s _1 , with an expansion time scale of 1500 yr (since 396 a.d.), with the distance of the Hyades, the present shell would have an angular size of roughly 1?5, and the size of this putative structure might warrant a wide-angle direct imaging search.
The column density corresponding to the equivalent width of the -1200 km s" 1 feature (ae 125 mÂ) is obtained from the curve of growth displayed in Figure 3 .2 of Spitzer (1974) . The Fe ii feature lies on the upper part of the linear portion of the curve of growth. We obtain for the column density of Fe n ions, N(Fq ii) = 5 x 10 12 cm -2 . If we assume a solar abundance ratio of Fe/H (log [Fe/H] = -4.5) in the ejecta, then a column density of iV(H) = 1.5 x 10 18 cm -2 is obtained. Using this value, we can estimate the mass in the shell. If we suppose once again that the shell is due to the explosion of a Hyades nova 1500 yr ago and has been expanding at 1200 km s"\ then the mass in the shell is «0.1 M 0 . Thus, this value is far too large to be a nova remnant unless a snowplow effect is invoked. The mass problem is exacerbated if the ejection occurred further back in the past because of the constraint imposed by our derived column density. A typical nova ejection mass for a 0.8 M 0 white dwarf is a few times 10" 4 M 0 . A shell mass comparable to this is obtained only if the outburst happened 150 yr ago, an event which would surely have been recorded.
As an interesting alternative, the expanding material could be associated with a long past episode of fast wind ejection when the hot DA white dwarf was considerably more luminous. While these episodes of rapid mass loss due to fast winds in hot subluminous stars still lacks a firm empirical basis, such phases are predicted theoretically (cf. Iben 1984) . Further exploration of this and other possibilities is beyond the scope of this Letter.
